Several proteins that may regulate c-myc mRNA posttranscriptionally were previously isolated and characterized. Two of them, HuR and AUF1, bind speci®cally to the 3' untranslated region (UTR) of c-myc mRNA. Because c-myc is regulated post-transcriptionally in various mouse tissues, including quiescent tissues, fetal liver and regenerating liver, we investigated whether HuR and AUF1 expression was also regulated in these tissues. Concerning AUF1, we analysed the expression of various mRNA and protein isoforms. We discovered a new AUF1 mRNA variant with a long AU-rich 3' UTR. We show that AUF1 expression, regardless of the RNA isoform considered, and HuR mRNA expression parallel c-myc expression in quiescent tissues and during liver development; their expression is high in lymphoid tissues and fetal liver and low in adult liver. However, no upregulation of HuR or AUF1 accompanies the upregulation of c-myc mRNA following partial hepatectomy. We discuss our results in relation to the current hypothesis that HuR and AUF1 act as mRNA destabilizing factors.
Introduction
Post-transcriptional regulation of mRNA levels is an important control point in gene expression. A particularly well studied example is the family of early response genes (ERGs) which encode lymphokines, cytokines and oncoproteins. In response to extracellular stimuli the corresponding mRNAs, which are normally very labile, are transiently stabilized, allowing them to reach very rapidly a higher steadystate level. One common feature of these short-lived mRNAs is that they contain an A+U-rich element (ARE) in their 3'-untranslated region (UTR). AREs generally exhibit several copies of the AUUUA pentanucleotide (Chen and Shyu, 1995) and are considered as cis-regulatory elements of mRNA turnover. c-fos and c-myc proto-oncogene mRNAs contain A+U-rich sequences bearing AUUUA motifs which have been shown to function as RNA destabilizing elements (Chen and Shyu, 1995) .
Numerous proteins with ARE-binding activity, collectively called AU-BPs, have been characterized using gel retardation and cross-link assays (Bohjanen et al., 1991 (Bohjanen et al., , 1992 Gillis and Malter, 1991; Hamilton et al., 1993; Malter, 1989; Malter and Hong, 1991) as well as an in vitro mRNA decay system (Brewer, 1991; Brewer and Ross, 1989) . In the present work, we have determined the patterns of expression of two AUBPs, AUF1 and HuR.
AUF1 (Brewer, 1991; Zhang et al., 1993) , also called hnRNP D0 (Kajita et al., 1995) , was identi®ed due to its ability to induce c-myc mRNA destabilization in vitro (Brewer, 1991) . It consists of two polypeptides of 37 and 40 kDa containing two RRMs (RNA Recognition Motifs) and a glutamine-rich motif present in their carboxy-terminal regions which might mediate proteinprotein interactions (Ehrenman et al., 1994; Zhang et al., 1993) and that is important for ARE-binding . UV cross-linking assays have shown that AUF1 binds the AREs present in the c-fos and c-myc proto-oncogene mRNAs and in the granulocyte-macrophage colony-stimulating factor (GM-CSF) cytokine mRNA.
HuR is an Elav-like RNA-binding protein containing three RRMs (Good, 1995) . Unlike other members of the Elav-like family (HuD, HuC and Hel-N1) which are expressed exclusively in brain, HuR is expressed in a wide variety of human tissues (Ma et al., 1996) . HuR proteins exhibit a high binding anity for c-fos, IL-3, c-myc, and N-myc AREs (Ma et al., 1996) . Recently Myer and coworkers (Myer et al., 1997) have shown that HuR is identical to the 32 kDa protein identi®ed by Vakalopoulou and coworkers (Vakalopoulou et al., 1991) in nuclear extracts from HeLa cells; it is also possibly identical to the AU-A activity present in T cells which may participate in nucleocytoplasmic transport of mRNA and cytoplasmic mRNA metabolism (Bohjanen et al., 1992; Katz et al., 1994) .
Binding of AUBPs to particular mRNAs raises the question of their regulatory role in mRNA half-life acting either as`positive' stabilizing factors or as negative' agents promoting rapid mRNA degradation. Because AUF1 and HuR proteins speci®cally interact with c-myc AREs, we have asked whether their levels of expression correlate with changes in the abundance of c-myc mRNA observed in various murine tissues. We have previously shown that c-myc mRNA expression was high in lymphoid tissues and during fetal liver development (Morello et al., 1989) . By contrast, c-myc mRNA is barely detectable in adult liver but is up-regulated at very early times following hepatectomy (Morello et al., 1990; Sobczak et al., 1989) . In the various situations analysed c-myc mRNA expression was shown to be mainly controlled posttranscriptionally (Morello et al., 1989 (Morello et al., , 1990 Sobczak et al., 1989) . In this paper, we show that with the noticeable exception of the regenerating liver, the pattern of expression of AUF1 and HuR parallels that of c-myc mRNA.
Results

AUF1 mRNA expression in vivo
Because of the potential in¯uence of AUF1 on AREdirected mRNA decay, we sought to establish its pattern of expression in vivo, in several situations, including quiescent, dierentiating and proliferating tissues. S1 mapping experiments were undertaken using AUF1 and b2 microglobulin (b2 m) probes. b2 m was included as an internal control for RNA loading. As shown in Figure 1 , the levels of AUF1 mRNAs are dierentially regulated. They are highly expressed in lymphoid tissues (spleen and thymus) and fetal liver (16 ± 18), moderately expressed in the lung; their expression is low in other adult quiescent tissues, in particular in the liver; it remains almost invariant in the very early stages of liver regeneration, i.e. 1 h and 2 h following partial hepatectomy (lanes PH1h, PH2h), and after protein synthesis inhibition following cycloheximide treatment (CH 2h).
AUF1 protein expression
To test whether AUF1 mRNA accumulation correlates with the level of AUF1 proteins, Western blots were performed on tissue extracts showing variable levels of AUF1 mRNA expression. As shown in Figure 2b , AUF1 proteins are expressed at high levels in lymphoid tissues (spleen and thymus) and at lower levels in extracts from brain and fetal liver. AUF1 proteins are undetectable in adult liver.
The AUF1 antibodies used in the Western blot assay initially revealed three immunologically related polypeptides of 37 (p37), 40 (p40) and 45 (p45) kDa in extracts from the human K562 cell line (Zhang et al., 1993) . These three polypeptides are also observed in murine tissues, though their relative abundance is not identical. For example, in spleen and thymus extracts, p40 and p45 are more abundant than p37 while p45 and p40 are the most abundant in the brain and in fetal liver, respectively. In the latter two organs, the p37 isoform is undetectable (Figure 2b ).
Complexity of AUF1 mRNAs
Although several polypeptides reacting either with anti-AUF1 (Zhang et al., 1993) or anti-hnRNP antibodies (Ishikawa et al., 1993) were previously described, their exact nature is not fully understood. They could either be encoded by dierent mRNAs or correspond to dierent posttranslational modi®cations of the same polypeptide. Comparison of nucleotide sequences of several cDNA clones encoding either human or mouse AUF1 proteins (Ehrenman et al., 1994; Kajita et al., mRNA expression in various tissues. An S1 nuclease mapping experiment was performed with 20 mg of total RNA extracted from the indicated tissues (sp: spleen; th: thymus; lu: lung; li: liver; ki: kidney; in: intestine; br: brain; em 16, 18: liver from 16 and 18 day old embryos; PH1h, 2 h: liver 1 or 2 h after partial hepatectomy; CH 2 h: liver 2 h after cycloheximide treatment); the RNAs were simultaneously hybridized with the AUF1 and b2 m probes as described in Materials and methods. The AUF1 probe corresponds to the AUF1 19 7 49 7 fragment shown in Figure 4a . ND, D: undigested or digested probe, respectively. (Note that the brain sample hybridized with the b2 m and AUF1 probes was under-loaded. This was taken into account to draw the histogram shown in Figure 7b ) Figure 2 Expression of AUF1 proteins in various tissues. Proteins were extracted from the indicated organs of a 6-weekold male mouse (sp: spleen; th: thymus; br: brain; a.li: liver) and from liver of an 18-day old embryo: f.li. Seventeen micrograms of total protein extracted from each organ were fractionated by SDS ± PAGE and an immunoblot was performed using anti-AUF1-antibodies. A gel was run in parallel to check for protein quantities. (a) silver staining. (b) ECL detection after incubation with anti-AUF1 antibodies AUF1, HuR and c-myc mRNA expression in vivo I Lafon et al 1995; Zhang et al., 1993) revealed two in frame insertions, one 57 bp long in the 5' coding region and another, 147 bp long, in the 3' coding region ( Figure  3A ). These variations, which result from alternative pre-mRNA splicing (Wagner et al., 1998) , lead either to a 19 amino-acid (19-aa) insertion in the N-terminal portion of RRM1 or to a 49-amino acid (49-aa) insertion in the C-terminal region of the AUF1 isoforms, respectively (see Figure 3A) . The presence of isoform-speci®c mRNAs can thus explain the presence of native proteins with dierent apparent molecular masses.
Construction of a cDNA library from murine adult liver (see Materials and methods) allowed us to isolate ®ve clones using a murine AUF1 cDNA as a probe. Their nucleotide sequences revealed that three clones, AUF1-li 1 ± 3, correspond to complete AUF1 cDNAs without the 19-or 49-aa insert, thus encoding the p37 isoform ( Figure 3B ). The two other clones, AUF1-li 4 and 5, contain a 1165 bp insert in their 3'-UTR, hereafter named Exon 3'b ( Figure 3B ). This insert is located at the same place as the 108 bp long exon previously reported by Kajita and coworkers, named Exon 3'a in Figure 3A (Kajita et al., 1995) . Nucleotide sequence comparisons reveal conservation of Exon 3'b with numerous clones from the Expressed Sequence Tag (EST) project (Hillier et al., 1996) , obtained either from human or murine fetal or adult tissues. The location of this exon is also conserved since there exist several EST clones containing one of the junctions between Exon 3'b and the¯anking AUF1 sequences. The 1165 bp insert does not contain open reading frames longer than 76 aa in the three frames ( Figure  3C ). Overall, the sequence is 66.4% A+U-rich. Beside a potential AAUAAA polyadenylation site, Exon 3'b contains seven AUUUA and ®ve AUUUUA motifs which are frequently found in AREs ( Figure 3C ). Clones AUF1-li 1 ± 3 use the proximal non-canonical AUUAAA polyadenylation site (located at position 1138 in the mu-AUF1-3 cDNA (Ehrenman et al., 1994) , while clones AUF1-li 4 and 5 end at the canonical AAUAAA polyadenylation site (located at position 1304 in the mu-AUF1-3 cDNA (Ehrenman et al., 1994) (Figure 3B ).
Distribution of AUF1 mRNA variants
Since the alternative exons can change the speci®city and/or anity of AUF1 isoforms for AREs (Kajita et al., 1995; Wagner et al., 1997) , it was important to determine whether the respective mRNAs showed identical or distinct patterns of expression. For this purpose, we designed speci®c probes for each AUF1 mRNA category (see Materials and methods and Figure 4a ) and used them in S1 nuclease analysis. The use of the AUF1 49 + probe shows that although each tissue does not express the same level of AUF1 mRNA, as previously observed (Figure 1 ), the ratio of mRNA containing (+49) or lacking (749) the 49-aa insertion is roughly the same in each organ analysed, with the noticeable exception of the brain (Figure 4b ). Quantitative results indicate that the ratio is approximately 1.5 in all the organs and 3 in the brain (data not shown).
Using the AUF1 19 + probe, we found a similar pro®le as compared to the 49 + probe (Figure 4c ). The data also indicate that the majority of AUF1 mRNA bears the 19-aa insertion. Quanti®cation shows that the ratio of mRNA containing (+19) or lacking (719) the 19-aa insertion is approximately the same in each tissue, although the exact value of the ratio is dicult to determine due to the very low abundance of the 19-aa isoform mRNAs in most organs. This probe also detected a novel unexpected population of AUF1 mRNA around 120 ± 130 nt which is relatively abundant in all the tissues analysed. Since AUF1 Exon 3'b contains potential AREs which could play a role in AUF1 mRNA stability, it was also important to determine whether the distribution of mRNA including this exon was the same in each tissue. As shown in Figure 4d , the pro®le obtained with the Exon 3'b + probe is similar to that observed with the other AUF1 probes (Figures 1 and  Figure 4b ,c). Quanti®cation indicates that the ratio of The alternate 57 bp and 147 bp insertions encoding 19-and 49-amino acid inserts, respectively, at the beginning of RRM1 and Cterminal of RRM2 are indicated. The two dierent alternative exons located in the 3' UTR, one 108 bp long described in (Kajita et al., 1995) and the other one 1165 bp long described in the present study, are also illustrated as Exon 3'a and Exon 3'b respectively (not to scale). (B) Diagram of the dierent murine AUF1 cDNAs isolated from the liver cDNA library. Clones AUF1-li 1, 2 and 3 end at the non-canonical AUUAAA polyadenylation site; they do not contain the 19-aa and 49-aa insert. Clones AUF1-li 4 and 5 contain the Exon 3'b. They end at the canonical AAUAAA pA site. (C) Nucleotide sequence of the Exon 3'b. Exon 3'b contains several AUUUA and AUUUUA motifs (underlined) as well as one AAUAAA poly(A) site (double underlined). The two sequences which putatively encode two 76-aa peptides in two dierent frames, are included between the asterisks and black dots, respectively mRNA with or without this exon is approximately 0.5 (data not shown). It is noticeable that the signal observed at 237 nt corresponds to a doublet. As the sequence at the 5' junction of Exon 3'b is AACAGG-TATGT it is possible that the GTAT tetranucleotide in between AG and GT are alternatively spliced, giving rise to two species of mRNA protecting the probe.
Taken together and as summarized in Figure 5 , our results indicate that the AUF1 mRNA isoforms are, with the exception of the brain, similarly distributed among various tissues.
HuR mRNA expression in vivo
In order to analyse the pattern of expression of another AUBP which binds avidly to AREs (Ma et al., 1996) , we designed a HuR speci®c probe (see Materials and methods) and performed S1 nuclease analysis. As shown in Figure 6 , the results are very similar to those observed with AUF1 probes: HuR mRNAs are abundant in lymphoid organs and fetal liver; their expression decreases during liver dierentiation and stays at a low level after partial hepatectomy and after inhibition of protein synthesis.
c-myc mRNA expression in vivo c-myc mRNA is a potential target for HuR and AUF1 activity. We previously reported that c-myc transcription is similar in some organs, such as spleen, liver or brain (Drezen et al., 1993; Morello et al., 1989) ; however, the level of c-myc mRNA accumulation varies dramatically from one tissue to another (Morello et al., 1989) . The use of H-2K/myc transgenic mice expressing c-myc transgenes under the control of the constitutive H-2K promoter has con®rmed that c-myc mRNA expression is mainly controlled post-transcriptionally in the various situations analysed (Morello et al., 1989 . Control of c-myc mRNA stability has been hypothetized to be mainly responsible for dierential accumulation of cmyc transcripts (Pistoi et al., 1996) . The pattern of cmyc expression in various tissues was analysed by S1 mapping using a c-myc speci®c probe (see Materials and methods). The experiment was performed with the RNA samples used in the experiments shown in Figure  1 , the b2 m control probe being coprecipitated with the AUF1 probe. In another experiment, the b2 m probe was coprecipitated with the c-myc probe and the results were very similar (data not shown). As shown in Figure 7a , c-myc mRNA levels are high in the lymphoid tissues, such as spleen and thymus, intermediate in the intestine and lung and low in the other organs analysed (brain, liver, kidney); during fetal life, c-myc mRNA is highly expressed in the liver (lanes 16 ± 18); its expression increases dramatically in adult liver after inhibition of protein synthesis (lane CH 2h) and in the early stages of liver regeneration (lanes PH1h, PH2h).
Quanti®cation the results show that AUF1 and HuR expression is regulated and parallels in most cases that of c-myc mRNA.
Discussion
To understand the molecular basis of RNA-protein interactions and their role in mRNA decay, it appears important not only to establish the basic biochemical characteristics of their molecular interactions but also to compare the pattern of expression of any trans-acting factor with that of its target mRNA. In this paper, we have focused on AUF1 and HuR which bind speci®cally to c-myc AREs, and explored their patterns of expression in vivo. We have chosen these two AUBP because they have been recently cloned and characterized (Ma et al., 1996; Zhang et al., 1993) . Extensive in vitro studies using puri®ed recombinant proteins have been performed to establish precisely their anity for various AREcontaining mRNAs, to identify the minimal binding site contained in the AU-rich element, and to delineate the domains of the proteins necessary for interaction with RNA (DeMaria and Brewer, 1996; DeMaria et al., 1997; Kajita et al., 1995; Ma et al., 1996; Myer et al., 1997; Zhang et al., 1993) . Altogether the in vitro binding selectivity of AUF1 and HuR was indicative of an ARE sequence's ability to destabilize a mRNA in vivo, suggesting a critical role for AUF1 and HuR in the regulation of mRNA degradation. + probe diagrammed on the right was used in S1 nuclease mapping experiments performed with 20 mg of total RNA extracted from the indicated organs (see Figure 1) . The probe protected by AUF1 mRNA including or lacking the 147 nt insertion is 437 or 240 nt long, respectively. The lane corresponding to the intestine was under-loaded (c). Analysis of AUF1 mRNA splice variants including or lacking the 57 nt long insertion. The AUF1 19 + probe diagrammed on the right was used in S1 nuclease mapping experiments performed with 20 mg of total RNA extracted from the indicated organs. The probe protected by AUF1 mRNA including or lacking the 57 nt insertion is 382 or 280 nt long, respectively. Note that unexpected bands around 130 ± 120 nt are detected at similar levels in all the tissues analysed. (d) Analysis of AUF1 mRNA isoforms including or lacking the alternate Exon 3'b. The AUF1 Exon 3'b probe diagrammed on the right was used in S1 nuclease mapping experiments performed with 20 mg of total RNA extracted from the indicated organs. The probe protected by AUF1 mRNA including or lacking the beginning of Exon 3'b is 237 or 66 nt long, respectively Several isoforms of AUF1 exist which are due to alternative pre-mRNA splicing (Wagner et al., 1998) : two alternative exons occur in the coding region, one encoding a 19-aa insert located at the beginning of RRM1; the other one encoding a 49-aa insert located near the glutamine-rich domain (see Figure 3A and Ehrenman et al., 1994; Kajita et al., 1995) . Because of their location and coding potential, these exons alter AUF1 anity and speci®city (Kajita et al., 1995; Wagner et al., 1998) making their relative accumulation important to determine. Using speci®c probes, we have analysed the pattern of expression of several AUF1 isoforms (+49+19 and +19+49) and found that whatever the isoform considered, the highest level of expression was observed in lymphoid tissues and the lowest in the liver. We have also shown that their expression did not change signi®cantly during liver regeneration and after protein synthesis inhibition (Figure 7b ). The only dierence observed in the expression of the various isoforms was the brain, where the level of the +49 isoform was relatively high, a result supported by a similarly higher level of the p45 polypeptide in this tissue (Figure 2b) .
By screening a cDNA liver library, we con®rmed the relatively low abundance of AUF1 mRNA in the liver since we found only ®ve positive clones in a total of one million clones analysed. We have identi®ed a novel 1165 nt alternative exon, named Exon 3'b, in the 3'-UTR of AUF1 mRNA. Its sequence analysis did not reveal a long open reading frame but did reveal a high A+U-content (66.4%). Exon 3'b contains several copies of AUUUA and AUUUUA motifs which, in conjunction with AU-rich regions, constitute typical HuR mRNA expression in various tissues. An S1 nuclease mapping experiment was performed with 20 mg of total RNA extracted from the indicated tissues (sp: spleen; th: thymus; li: liver; br: brain; em 16, 18: liver from 16 and 18 day old embryos; 3 week: liver of a 3 week old mouse; PH1h, 2 h: liver 1 or 2 h after partial hepatectomy; CH 2 h: liver 2 h after cycloheximide treatment); the RNAs were hybridized simultaneously with HuR and b2 m probes. H: HuR; b: b2 m; ND, D: undigested or digested probe, respectively. (Note that the samplè em 18' hybridized with b2 m and HuR probes was under-loaded. This was taken into account to draw the histogram shown in Figure 7b Comparison of c-myc, AUF1 and HuR mRNA expression. (a) c-myc mRNA expression in various tissues. Twenty micrograms of the RNA samples used in the experiment shown in Figure 1 were hybridized in parallel with the c-myc probe and an S1 mapping experiment was performed as described in Materials and methods. (b) Quanti®cation of c-myc, HuR and AUF1 mRNA expression in various tissues. The experiments shown in Figures 1, 6 and 7a were scanned with a PhosphorImager. The level of expression of c-myc, HuR and AUF1 mRNA in the indicated tissues was quantitated relative to the level found in the spleen, which was arbitrarily expressed as 1. HuR mRNA expression was not analysed in lung, kidney and intestine AREs. Thus, this non-coding region includes potential destabilizing sequences that might be recognized by AUBPs. In particular, AUF1 proteins might bind to them, providing an autocontrol for AUF1 expression. We showed that the pattern of expression of mRNA containing Exon 3'b is similar to that observed for the other AUF1 mRNA splice variants; moreover, its ratio to other splice variants is similar in dierent tissues, suggesting that putative mechanisms controlling AUF1 mRNA decay through Exon 3'b are identical in the situations analysed. Taken together, our results indicate that the splice variants of AUF1 mRNAs are, with the exception of the brain, similarly distributed among various tissues.
HuR mRNA, which encodes another protein with RRM motifs (Ma et al., 1996; Myer et al., 1997) , has a pattern of expression in vivo very similar to that of AUF1, suggesting that they might regulate the same mRNAs. This hypothesis is strengthened by in vitro studies showing that they bind the same AREs, in particular c-myc and c-fos AREs Ma et al., 1996; Zhang et al., 1993) . Theoretically, their binding might either protect mRNA from decay or accelerate mRNA degradation or perhaps both, as a function of their association with other proteins, their phosphorylation state, etc. Depending on extracellular stimuli, cell type or stage of dierentiation, their relative abundance or anity or speci®city towards a precise nucleotide sequence might be modi®ed. This could possibly lead to an interchange of mRNA binding proteins, a mechanism which may provide an ecient way of regulating mRNA degradation. In view of experiments performed in vitro (DeMaria and Ma et al., 1996) or with cell cultures (Buzby et al., 1996; Ma et al., 1996; Pende et al., 1996; Sirenko et al., 1997) , we could postulate that their binding contributes to mRNA decay. We thus expected to ®nd an inverse relationship between their expression levels and those of c-myc transcripts. By contrast, we found a direct relationship between AUF1 and HuR mRNA levels and c-myc mRNA levels in several adult tissues, in particular adult lymphoid organs and liver, and fetal liver. The only situation in which expression of the two AUBPs and c-myc is strikingly dierent is found in the liver following partial hepatectomy. Thus AUF1 and HuR do not seem to be directly involved in the transient accumulation of c-myc and other transcripts containing AREs, such as c-jun and c-fos, observed after hepatectomy (Morello et al., 1990; Sobczak et al., 1989) .
At this point, it is important to note that c-myc and c-fos mRNA half-lifes are controlled not only by the ARE but also by coding region determinants: an approximately 180 ± 320 nt purine-rich segment in the c-fos coding region (Shyu et al., 1991) and at least two determinants in the c-myc coding region. One is localized to exon 2 (Lavenu et al., 1995; Yeilding and Lee, 1997; Yielding et al., 1996) , and another one to exon 3 at the most C-terminal 60 amino acids (Wisdom and Lee, 1991) . This region of c-myc mRNA interacts with CRD-BP, a protein that shields it from endonucleolytic attack in vitro (Bernstein et al., 1992; Herrick and Ross, 1994) . Like AUF1 and HuR, CRD-BP is expressed during liver development but absent in both quiescent adult liver and regenerating liver (Leeds et al., 1997) . Both coding region determinants in c-myc mRNA were shown to act in vivo independently of the 3'-UTR instability determinant (Lavenu et al., 1995; Pistoi et al., 1996) . The level of mRNA expression we observe in a cell at a particular stage of dierentiation and in a given environment is the result of the interplay between these dierent sequences and their binding factors. As adult hepatocytes poorly express AUF1, HuR and CRD-BP, it is dicult to assume that these trans-acting factors play any role in c-myc mRNA instability in resting hepatocytes. Similarly, there is no up-regulation of their expression following partial hepatectomy, suggesting that they are not directly responsible for the transient accumulation of c-myc mRNA observed in the very early steps of liver regeneration. In contrast, as their level of expression is high in fetal hepatocytes, it is possible that in the cells capable of proliferation such as fetal hepatocytes and adult lymphocytes, AUF1 and HuR do not act as destabilizing factors but rather, like CRD-BP, to protect c-myc mRNA from degradation. In this model, these proteins would bind to the ARE and to the exon 3, either directly or indirectly, and restrict access of the degradation machinery to the mRNA.
It is now possible using trangenic mice to modulate the levels of HuR and AUF1 in the liver and distinguish between HuR and AUF1 as destabilizing or stabilizing factors following development.
Materials and methods
S1 mapping analysis and probes
S1 mapping analysis was performed as previously described (Morello et al., 1986) on total RNA extracted from dierent tissues of C57/B16 mice using the LiCl procedure (Auray and Rougeon, 1980) . All experiments described in this manuscript have been repeated at least once or twice. The following single-stranded uniformly radiolabelled probes were constructed: b2 microglobulin (b2m) A 200 bp EcoRI ± RsaI fragment of the cb2 m recombinant plasmid was subcloned into the M13mp8 vector (Morello et al., 1985) . A radiolabelled single-stranded DNA was prepared and used as an internal control in S1 nuclease experiments because b2 m mRNA levels of expression are similar in the tissues analysed, except in brain (Morello et al., 1985) .
AUF1 (19 7 49
7 ) The mu-AUF1-3 plasmid (Ehrenman et al., 1994) which does not include the 147 bp insert was ampli®ed using the two primers A (5'-GGAGGCCT-TAGCTGGGACACC-3') and B (5'-AACTGCAGCTCG-CCTGGATAC-3') shown in Figure 4a . The ampli®ed fragment was subcloned into the M13mp18 vector. The length of the non-digested probe after EcoRI digestion is 625 nt long; a 556 nt long fragment is protected by mRNA which contains neither the 57 nt (19-aa) insert nor the 147 nt (49-aa) insert (Figure 1 ).
AUF1 49
+ RNA extracted from the spleen was reverse transcribed using Superscript enzyme (Gibco BRL) following the manufacturer's instructions. A PCR was performed using the two primers A and B (Figure 4a ). The ampli®ed product including the 147 bp insert was subcloned into PGEM-T vector (Promega), sequenced and subcloned into the M13mp18 vector. A radiolabeled single stranded probe 500 nt long is obtained after EcoRI digestion; the protected fragment is 437 or 240 nt long whether it includes the 147 nt (49-aa) insert or not, respectively (see Figure 4b) . The hybridization temperature is 408C.
AUF1 19 +
The ®rst 382 bp of the mu-AUF1-3 cDNA were subcloned into the M13mp19 vector. The length of the non-digested probe after HindIII digestion is 450 nt; the protected fragment is 382 or 280 nt long whether it includes the 57 nt (19-aa) insert or not, respectively (see Figure 4c ). The hybridization temperature is 668C.
AUF1 Exon 3'b +
A BamHI ± HindIII 237 bp long fragment was isolated from the AUF1-li 4 clone and subcloned into M13mp18. A 254 nt long radiolabeled single stranded probe is obtained after EcoRI digestion. The protected fragment is 237 or 66 nt long whether it includes the Exon 3'b or not, respectively (see Figure 4d) . The hybridization temperature is 408C.
HuR RT ± PCR was performed using brain RNA and the two following primers: downstream primer (5'-CCAAA-CATCTGCCAGAGGATCC-3') which is identical to the HuR3 primer used to clone human HuR cDNA (Ma et al., 1996) ; the upstream primer (5'-GGTTTGTCCAGAG-GGGTTGCC-3') is from a region which is identical to the Xenopus and mouse homologue elrA (Good, 1995) . The ampli®ed fragment was subcloned into the M13mp18 vector. A 430 nt long radiolabeled single stranded probe is obtained after EcoRI digestion. The length of the probe protected by HuR mRNA is 364 nt long. The hybridization temperature is 488C (Figure 6 ).
c-myc
This probe corresponds to the PvuII ± HindIII 500 bp long murine c-myc genomic fragment encompassing the stop codon. It has been subcloned into the M13mp18 vector. A 535 nt long radiolabeled single stranded probe is obtained after EcoRI restriction. The length of the protected fragment is 500 nt. The hybridization temperature is 508C (Figure 7) .
Protein extracts and immunoblots
Brain, liver, spleen and thymus of a young C57B1/6 male mouse were cut into thin slices and frozen in liquid nitrogen; 18 day old C57B1/6 embryos were collected and their livers frozen. Three fetal livers or slices of adult tissues (whose volume corresponded to three fetal livers) were dispersed in ®ve volumes of suspension buer (100 mM NaCl, 10 mM Tris-Hcl, pH 7.5, 1 mM EDTA) with a homogenizer according to (Chen, et al., 1993) . A cocktail of protease inhibitors (Boehringer) was added. After a quick centrifugation, an equal volume of 26SDS gel-loading buer (100 mM Tris-Hcl, pH 6.8, 200 mM DDT, 4% SDS, 0.2% bromophenol blue and 20% glycerol) was added. The samples were boiled for 10 min and either used immediately or stored at 7708C. The protein concentration was determined as described (Bradford, 1976) . To check that the amount of proteins from each extract was similar, two identical 12% polyacrylamide gels were loaded with 17 mg of extract from each tissue and run in parallel. One was used to visualise proteins by silver staining; the other one was used for Western blot assay with polyclonal anti-AUF1 antibodies (Zhang et al., 1993) . Brie¯y, the proteins were transferred overnight from the gel to a nitrocellulose membrane using a wet electrophoresis transfer apparatus. After blocking with 5% non-fat milk in PBS/0.5% Tween 20, the membrane was incubated with anti-AUF1 antibodies in PBS/0.2% Tween 20 overnight at 48C, washed in the same buer and incubated with peroxidase conjugated anti-rabbit IgG for 1.5 h at room temperature. After four washes, detection was performed using the ECL kit from Amersham.
cDNA library
A l ZAP II expression library was constructed according to the instructions of the manufacturer (Stratagene) using RNA extracted from adult mouse liver. Recombinant plaques (1 000 000) were plated at a density of 30 000 PFU/150 mm plate of XL1Blue MRF' cells. The library was screened with radiolabeled mu-AUF1-3 cDNA (Ehrenman et al., 1994) . Five clones (AUF1-li 1 ± 5) hybridizing with the probe were isolated, puri®ed and converted to phagemid by the phage rescue protocol according to the manufacturer's instructions. Doublestranded DNA was sequenced on both strands using M13 universal and reverse primers and internal oligonucleotide primers. Two clones (AUF1-li 4, 5) contain in their 3' UTR a 1165 bp insert from which the AUF1 Exon 3'b + probe was derived.
